Autocorrelation Length (ACL) is a surface roughness parameter that provides spatial information of surface topography that is not included in amplitude parameters such as Root Mean Square roughness. This paper presents a statistical relation between ACL and the real area of contact, which is used to study the adhesive friction behavior of a rough surface. The influence of ACL on profile peak distribution is studied based on Whitehouse and Archard's classical analysis, and their results are extended to compare profiles from different surfaces. With the knowledge of peak distribution, the real area of contact of a rough surface with a flat surface can be calculated using Hertzian contact mechanics. Numerical calculation shows that real area of contact increases with decreasing of ACL under the same normal load. Since adhesive friction force is proportional to real area of contact, this suggests that the adhesive friction behavior of a surface will be inversely proportional to its ACL. Results from microscale friction experiments on polished and etched silicon surfaces are presented to verify the analysis.
INTRODUCTION
It is well known that surface roughness plays an important role in the friction behavior of an interface 1 . If a surface can be described by a Gaussian random process, statistical parameters describing the surface height variation can be completely defined based on its height distribution and autocorrelation function.
Autocorrelation length (ACL) has been used to characterize rough surface for sometimes. Some recent works suggest that the correlation length affects sub-surface stresses in coatings 2 as well as adhesion of thin elastic films 3 . However, a detailed analysis of ACL and its relation, if any, to friction behavior is lacking. An analysis of the effects of ACL on real area of contact and adhesive friction force is conducted based on peak analysis and Hertzian contact mechanics.
THEORY
In their classical work, Whitehouse and Archard 4 presented a distribution function of peaks on a rough surface as following, Whitehouse and Archard's analysis was for one profile from a surface measured with different sampling intervals. Now we consider profiles from different surfaces that obey a normal distribution and that are sampled at the same interval. We also assume every profile has an exponential autocorrelation function with different ACL values. Since Whitehouse and Archard's conclusions are given in a statistical sense, it does not matter whether the profiles are from one surface with different sampling intervals or from different surfaces with the same sampling interval as long as all surfaces satisfy the three assumptions made by them: 1) normal distribution of ordinates; 2) exponential autocorrelation function and 3) isotropic topography. Figure 1 plots the peak density function for profiles with different ACL in terms of a constant sampling interval λ. From Fig. 1 it is clear that a profile with a larger ACL has a broader peak distribution and the mean peak height is closer to the mean line than a profile with a smaller ACL.
If the load and deformation is small, the real area of contact for the rough surface with a flat surface can be treated as the sum of the area of contact of every single peak that is contacted with the flat surface because peaks' merging is ignorable under such a condition. The area of contact with flat surface can be calculated for a single peak using Hertzian contact mechanics: 
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where P is the normal load, R* is the equivalent radius given by R in this case, E* is the equivalent Young's modulus.
Fig. 1 Probability of an ordinate being a peak at height y
With an increase in normal load, the interference of the two surfaces increases and can also be calculated using Hertzian contact mechanics. The number of peaks within the interference can be obtained from the peak distribution function. If we assume all peaks have the same radius and all peaks share the load equally, the real area of contact at different loads can be calculated numerically as a function of normal load (Fig. 2) . From the plot we can see that under the same load, surfaces with smaller ACL have larger real area of contact. This is reasonable since surfaces with smaller ACL have more peaks at a given height above the mean line that will undergo contact.
Fig. 2 Numerical calculation of real area of contact as a function of normal load for surfaces with different ACL
Since adhesive friction force is proportional to the real area of contact for a given material pair, the above ACL analysis means that surfaces with smaller ACL will lead to larger adhesive friction force.
EXPERIMENT AND DISCUSSION
All samples were made from n-type (100) silicon wafer from Virginia Semiconductor, Inc.. Wafers were cut to 1.5×5 cm 2 coupons. Polished Si samples were obtained by manually polishing the coupons with a 6 inch grinding machine with sandpapers (grit. 1200) as well as colloidal diamond (particle size 3μm) and silica (particle size 0.05μm) polishing suspension. For chemically etched samples, the coupons were immersed in 25 wt% KOH solution for 10 minutes at temperature around 80 °C. Table 1 lists average roughness parameters obtained from six 10 μm × 10 μm scans using an atomic force microscope (AFM): Friction forces were measured using a home-built microtribometer with normal and lateral resolutions of 15 μN and 5 μN respectively at 20 °C and 20% RH to minimize contribution due to a water layer. The probe was a Si 3 N 4 ball (radius of 1.2 mm). A stroke length of 10 mm was used at a speed of 0.6 mm/s. The normal load was linearly increased from 0 to 15 mN during each stroke. Seven runs for every sample were performed. Figure 3 shows all the friction data for both samples. It can be seen that the polished Si sample exhibits higher friction forces than the KOH-etched sample. Note that the polished Si sample exhibits much lower value of ACL (0.30 μm) than that of the etched sample (1.07μm). This is consistent with the prediction of the ACL analysis.
Fig. 3 Microtribometer friction force data for Si samples
In conclusion, this study shows that ACL of a surface can affect its real area of contact and adhesive friction force behavior.
